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Abstract The study results of thermal properties of group
components insoluble in quinoline and toluene of pitch–
polymer compositions by differential scanning calorimetry,
physicochemical and thermal properties, and structure of
pitch–polymer compositions were presented. For pitch–
polymer compositions containing 10–50 mass% waste poly-
mer, softening point, coking value, content of components
insoluble in toluene and quinoline, thermal analysis, and col-
loidal structure by fluorescence microscope were carried out.
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Introduction
Coal tar pitch (CTP) is an important feedstock of carbo-
chemical origin of the processing of coal tar fordem as an
inevitable by-product of the coking of coal. Coal tar pitch
is used for the production of, i.e., carbon anodes, graphite
electrodes, fireproof materials, carbon–carbon composites,
carbon fibers, carbon adsorbents [1, 2]. Bitumens origi-
nating from coal, similarly as petroleum asphalts, can be
treated as colloidal-dispersive systems. Micelles composed
of a2 components and partly of a1 components form dis-
persed phase, while oils (c components) and partly b
components are the dispersing phase [3].
In Warsaw University of Technology, Institute of
Chemistry in Plock, studies have been carried for several
years on the preparation of coal-originated bituminous
materials modified with polymers. Recently taken studies
on the use of pitch–polymer compositions for the produc-
tion of porous materials [4–6]. Modification of coal tar
pitch with polymers influences also significantly its group
components and properties. Chemical structure is a factor
directly determining properties of each of the components
of bitumen–polymer compositions and simultaneously has
an impact on the possibility to from a specific structure of a
given composition, on which in turn its properties depend
[7–11]. Pitch–polymer compositions can be treated as
microheterogeneous systems, colloidal, biphase, generally
exhibiting uniform dispersion of particles composed of
polymer macromolecules and probably of a components of
coal tar pitch [12]. In this work, the study results of thermal
properties of group components insoluble in quinoline (QI)
and toluene (TI) of pitch–polymer compositions by dif-
ferential scanning calorimetry, thermal and physicochem-
ical properties, and structure of pitch–polymer
compositions were presented. Conducted studies are com-
plementary to other methods of evaluation the homogene-
ity and level of dispersion of polymer in bitumen–polymer
compositions. Furthermore, these are preliminary studies to
evaluate the effect of phenomena occurring during pro-
cesses of modification of coal-originated bitumens with
macromolecular compounds on the porous structure
derived activated carbons.
Experimental
The raw materials used in this study were CTP from
Institute for Chemical Processing of Coal in Zabrze and
waste poly(ethylene terephthalate) (PET). Pitch–polymer
compositions containing from 10 to 50 mass% waste PET
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were prepared in the conditions allowing to obtain homo-
geneous and stable mixtures. The components were
homogenized in the temperature 260 C, during 0.5 h. The
composition of mixtures is presented in Table 1.
For the group components of coal tar pitch and pitch–
polymer compositions were carried out the thermal prop-
erties by the means of scanning differential calorimeter
Netzsch Maia F3. The measurements were noted in the
range of temperatures from 25 to 520 C, with the tem-
perature increase rate of 10 K min-1. For CTP and pitch–
polymer compositions, the following measurements were
noted:
• compositions’ beginning temperature by thermogravi-
metric method. Thermogravimetric curves (TG and
DTG) were recorded by means of Derivatograph-C
(produced by MOM Budapest) on heating up to
1000 C with a rate of 10 K min-1 in air atmosphere
[13, 14],
• softening point by ‘‘Ring and Ball’’ method (SP)
according to the PN-EN 1427:2009 standard,
• coking value (CV) according to the PN-C-97093:1993
standard,
• content of components insoluble in toluene (TI)
according to the method elaborated in the Institute of
Chemistry, Warsaw University of Technology in Plock,
• content of components insoluble in quinoline (QI)
according to the PN-C-97058:1999 standard.
The colloidal structure of pitch–polymer compositions
by Olympus BX41 microscope was analyzed. In the study
of colloidal structure of pitch–polymer compositions,
adopted technique of preparing of samples for study was
press molding of compositions on the microscopic slide by
a hydraulic press [12].
Results and discussion
In Figs. 1 and 2, DSC curves of group components of coal
tar pitch and pitch–polymer compositions and DSC curve
of PET are presented.
Basing on the course of DSC curves of TI components
of pitch–poly(ethylene terephthalate) compositions
(Fig. 1), it was found that transitions characteristic for
waste poly(ethylene terephthalate) occurred in them as an
effect of temperature, including:
• endothermic transition, occurring for group compo-
nents in the range of temperatures from 230.6 to
245.5 C (enthalpy values from 9.35 to 38.79 J g-1),
related to PET melting [15],
• endothermic transition, related probably to decomposi-
tion of samples. The onset of this transition for studied
compositions occurred in the temperatures from 382.7
to 398.3 C.
Basing on the course of DSC curves of QI components
of pitch–poly(ethylene terephthalate) compositions
(Fig. 2), it was found that transitions characteristic for
waste poly(ethylene terephthalate) occurred in them as an
effect of temperature, including:
• endothermic transition, occurring for group compo-
nents in the range of temperatures from 233.9 to
250.5 C (enthalpy values from 27.58 to 53.33 J g-1),
related to PET melting,
• endothermic transition, related probably to decomposi-
tion of samples. The onset of this transition for studied
compositions occurred in the temperatures from 380.5
to 400.8 C.
The analysis of DSC curves of TI and QI components of
the pitch–PET compositions found that, in the group
components of the compositions dominant physical inter-
actions between of group components of CTP and polymer
macromolecules. On DSC curves of components insoluble
in toluene and quinoline it was found transitions charac-
teristic of poly(ethylene terephthalate).
In Fig. 3 TG curves and in Fig. 4 DTG curves of coal tar
pitch and pitch–polymer compositions are presented. The
results of measurements of thermal and physicochemical
properties of CTP and pitch–poly(ethylene terephthalate)
compositions are presented in Table 1.
Basing on the course of TG and DTG curves of coal tar
pitch, it was found that thermal decompositions of CTP
proceeded in one steps. The beginning of this process
occurred at 285.2 C. Thermal decompositions of pitch–
polymer compositions proceeded in two steps. The
Table 1 Thermal and physicochemical properties of CTP and pitch–polymer compositions
Compositions/mass% Decomposition beginning temperature/C SP/C CV/mass% TI/mass% QI/mass%
CTP 285.2 107.0 53.03 34.21 7.14
90 CTP ? 10 PET 287.3 127.0 53.62 45.80 13.31
75 CTP ? 25 PET 364.8 166.0 50.10 43.10 29.43
65 CTP ? 35 PET 348.8 225.5 47.71 53.03 37.69
50 CTP ? 50 PET 331.9 236.0 38.00 68.50 62.79
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beginning of this process for studied compositions occurred
in the temperature from 287.3 to 364.8 C. Both the
intensity and temperature range of decomposition process
depended on the amount of waste polymer:
• compositions containing B25 mass% of waste PET lost
32–36% of their mass in the first stage at 287.3–460 C,
• compositions containing C35 mass% of waste PET lost
48–51% of their mass in the first stage at 331.9–480 C.
In the process of thermal decomposition of coal tar
pitches, several component processes follow in parallel.
Pyrolysis and the accompanying evolution of volatile
fractions can be associated with destruction of
Exo
Temperature/°C
























[2] TI 90 mass% CTP + 10 mass% PET
[3] TI 75 mass% CTP + 25 mass% PET
[4] TI 65 mass% CTP + 35 mass% PET
[5] TI 50 mass% CTP + 50 mass% PET
[6]  PET
Fig. 1 DSC curves of TI components of coal tar pitch, pitch–PET compositions and PET
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[2] QI 90 mass% CTP + 10 mass% PET
[3] QI 75 mass% CTP + 25 mass% PET
[4] QI 65 mass% CTP + 35 mass% PET
[5] QI 50 mass% CTP + 50 mass% PET
[6]  PET
Fig. 2 DSC curves of QI components of coal tar pitch, pitch–PET compositions and PET












90 mass% CTP + 10 mass% PET
75 mass% CTP + 25 mass% PET
65 mass% CTP + 35 mass% PET
50 mass% CTP + 50 mass% PET
Fig. 3 TG curves of coal tar pitch and pitch–PET compositions
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90 mass% CTP + 10 mass% PET
75 mass% CTP + 25 mass% PET
65 mass% CTP + 35 mass% PET
50 mass% CTP + 50 mass% PET
Fig. 4 DTG curves of coal tar pitch and pitch–PET compositions
Fig. 5 Microscopic images of the structure of pitch–PET compositions containing: a 10 mass% of waste PET, b 25 mass% of waste PET,
c 35 mass% of waste PET, d 50 mass% of waste PET
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hydrocarbons, partial abstraction of functional groups,
formation of simple compounds CO2 and CH4, condensa-
tion and polymerization of resulting particles [16–18]. In
the process of thermal decomposition of pitch–polymer
compositions, reactions may occur between decomposi-
tions products of CTP and PET. Addition of waste PET
into CTP influenced on the deepening process of thermal
decompositions of coal-originated bitumen.
Addition of waste poly(ethylene terephthalate) caused
changes occurring in studied compositions as an effect of
temperature, while the biggest changes were observed in
decomposition beginning temperature. The increase of
poly(ethylene terephthalate) addition into coal tar pitch
caused the increase of decomposition beginning tempera-
ture up to 364.8 C. The addition of waste poly(ethylene
terephthalate) significantly influenced the softening point
of coal tar pitch. With the increase in PET in the compo-
sitions the softening point increased. For the composition
containing 50 mass% of PET, the softening point com-
pared to the unmodified pitch increased by 129 C.
With the increase in waste PET in the compositions, the
cooking value decreased and so the yield of residue after
high-temperature carbonization process. In particular, sig-
nificant changes occurred for compositions containing
50 mass% of the waste, where coking value was lower by
15 mass% compared to coal tar pitch.
The changes of thermal properties of pitch–PET com-
positions were probably caused by the change of group
components of the CTP. Addition of waste poly(ethylene
terephthalate) into coal tar pitch increased the amount of
components insoluble in quinoline and toluene.
In Fig. 5, microscopic images of pitch–PET composi-
tions obtained using fluorescence microscope are pre-
sented. On obtained microscopic images, similarly as in the
case of petroleum bitumens, carbon bitumen phase is
observed in black color.
Structures of compositions containing B25 mass% PET
had uniform level of dispersion and dispersed polymer
particles had round and regular shapes. The increase in
waste PET amount in compositions caused the increase of
the amount and size of dispersed particles. For the com-
position containing C35 mass% of waste poly(ethylene
terephthalate), agglomerates of irregular shape could be
observed, which were formed from aggregates containing
polymer macromolecules and probably a1 and a2 compo-
nents of coal tar pitch. Phase inversion of the dispersion
was observed. It has to be presumed that with the increase
in waste PET amount in compositions the development of
micellar areas occurred due to strong physical interactions
between the components, which is indicated by high con-
tent of components insoluble in toluene and quinoline in
compositions.
Conclusions
The use of differential scanning calorimetry in the studies
on group components of pitch–polymer compositions made
possible the determination of their phase transitions tem-
peratures, and evaluation of effects between group com-
ponents of CTP and polymer macromolecules. The analysis
of DSC curves of group components of the pitch–polymer
compositions found that, in the group components of the
compositions, the dominant role was played by the
macromolecules of PET. On DSC curves of components
insoluble in toluene and quinoline, it was found transitions
characteristic of poly(ethylene terephthalate).
Modification of coal tar pitch with waste polymer sig-
nificantly influences the physicochemical properties and
group components of the bitumen. Addition of waste PET
into coal tar pitch caused increase in softening point and
decomposition beginning temperature, the amount of
components insoluble in toluene and quinoline, while
coking value in pitch–PET compositions decreased.
Pitch–polymer compositions can be treated as micro-
heterogeneous systems, colloidal, biphase, generally
exhibiting uniform dispersion of particles composed of
polymer macromolecules and probably of a1 and a2 com-
ponents of coal tar pitch. Observed microscopic images
allowed pointing out the following dependences between
the properties of pitch–polymer compositions and their
structure. The increase in the size of dispersed aggregates
caused the increase of softening point and content of TI and
QI components and reduction of coking value. It has to be
surmised that the increase in the amount and size of dis-
persed aggregates can favor the creation of well-developed
porous structures of activated carbons obtained from pitch–
polymer compositions in the process of carbonization and
next activation.
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